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The dance leap is one of the most difficult techniques to accomplish, and 
improper landing is a common reason for injuries. The incidence of foot and ankle 
injuries among modern dancers is much lower than among ballet dancers. Therefore, the 
purpose of this study was to investigate how modern technique is different from ballet 
technique and the benefits each provide for both ballet and modern dancers. The primary 
hypothesis was that ballet dancers would demonstrate greater typical risk factors 
associated with foot and ankle injuries during landing compared to the modern dancers. 
The secondary hypothesis was that the ballet leap would demonstrate greater risk factors 
associated with foot and ankle injuries compared to the modern leaps. Sixteen college 
dancers were recruited to test one type of ballet leap and two types of modern leaps, 
using a force plate, a two-dimensional motion analysis system and electromyography. No 
significant differences were seen between ballet and modern dancers in the ground 
reaction forces (GRFs) and dorsiflexion. Significant differences were seen in the GRFs 
and dorsiflexion among the three types of leaps. Both ballet and modern dancers in 
college had no professional dance experience; therefore, risk factors associated with foot 
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and ankle injuries are similar in kinetics, kinematics and muscle activation during 
landing. The results also demonstrated that the ballet leap was more injurious than the 
modern leaps. The present study concluded that incorporating a modern technique might 
be advantageous for dancers by avoiding additional stress on the foot and ankle. 
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Chapter 1 
Introduction and General Information 
The leap is one of the most important aspects of dance. Therefore, dancers 
practice hundreds of leaps every day from a young age as part of their training (Orishimo, 
Liederbach, Kremenic, Hagins, & Pappas, 2014). The leap is an important skill to achieve 
and it is essential to advance to the professional level; however, one of the most common 
injury risk factors is to land a leap improperly (Orishimo et al., 2014). 
Previous investigators, by measuring the ground reaction forces (GRFs), 
demonstrated that many repetitive ballet leaps and jumps exposed a high impact on 
dancers (Chockley, 2008; Kulig, Fietzer, & Popovich, 2011a). The increased GRFs were 
associated with an increase of injury rates (Hackney, Brummel, Jungblut, & Edge, 2011). 
The published literature of the GRFs included studies of the following categories: 
different types of ballet leaps, ballet footwear, level of the dancers’ techniques and types 
of dance floors (Chockley, 2008; Hackney et al., 2011; Kulig et al., 2011a). 
Numerous studies were available to document the high incidence of injury at the 
foot and ankle among ballet dancers (Byhring & Bo, 2002; Nilsson, Leanderson, 
Wykman, & Strender, 2001). One of the contributing factors for the high incidence of 
foot and ankle injury was the footwear (Pearson & Whitaker, 2012). Ballet dancers were 
well known to dance on pointe position, which had been shown to increase the foot 
pressure during dancing (Albisetti et al., 2010; Nilsson et al., 2001; Pearson & Whitaker, 
2012). The increased foot pressure was associated with increased foot injuries and 
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metatarsal stress fractures (Clercq, Willems, Cock, & Wityrouw, 2006; Cheung & Ng, 
2008). Due to excessive plantar flexion movements, ballet dancers demonstrated an 
increased range of motion (ROM) of plantar flexion and an increased strength of the 
plantar flexion (Hamilton et al., 1992). The investigators suggested that the ballet dancers 
had gained plantar flexion ROM by losing some of their dorsiflexion ROM. This 
imbalance ROM at the ankle could increase a risk of injuries (Hamilton et al., 1992). 
While previous investigations provided valuable data for ballet dancers, little data 
had been gathered about modern dance (Shah, Weiss, & Burchette, 2012). Modern dance 
is known as a free dance and represented dynamic and unique movements such as fall, 
handstand and unique lifts (Ambrosio, 2010; Shah et al., 2012). While ballet dance 
focuses on repetitive lower-body movements, modern dance focuses on a combination of 
upper- and lower-body movements (Shah et al., 2012). Therefore, modern dancers have 
much lower injury rates at the foot and ankle (40%) when they were compared to the 
ballet dancers (62%) (Nilsson et al., 2001; Shah et al., 2012). 
It is currently unknown if there are similarities between biomechanical and 
muscular aspects of movements between frequently used ballet and modern leaps. To my 
knowledge, no dance research has compared a ballet leap, saut de chat, and a modern 
leap, calypso. Dance is one of the fastest growing art forms both nationally and 
internationally; dancing in college has become increasingly popular during the past 
decade (Dance Facts - Dance UK, 2015). Previous studies have been focused on 
professional ballet dancers; however, research on college dancers is limited. It is crucial 
within the dance community at the college level to understand the scientific data and 
incorporate the important information into the regular practice that leads to artistry and 
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professional levels. Therefore, the objective of this study was to investigate how modern 
dance technique was different from ballet technique and the benefits each provided for 
both ballet and modern dancers. In particular, I investigated the common leaps from both 
ballet and modern dance and identified the biomechanical characteristics during landing. 
Purpose 
This study focused on the lower leg since the majority of injuries were located in 
the foot and ankle areas among dancers. This study would give me a better understanding 
of the cause of injury and provide accurate information to dancers and educators to 
reduce injury by comparing ballet and modern skills. Therefore, the purpose of this study 
was to compare ballet and modern dance in terms of kinetics, kinematics and muscle 
activation during landing for college dancers. 
Hypothesis and Specific Aims  
Specific Aim 1: Identify the GRFs, the ankle kinematics or leg muscle activation 
differences between the two groups: ballet and modern. The working hypothesis was that 
the ballet group would have greater GRFs compared to the modern group, and the 
modern group would have greater ankle kinematics and muscle activation. 
Specific Aim 2: Identify the GRFs, the ankle kinematics or leg muscle activation 
difference among the three types of leaps: ballet leap, modern leap (type 1) and modern 
leap (type 2). The working hypothesis was that the ballet leap would have greater GRFs, 
and the modern leaps would have greater dorsiflexion and mucle activation.
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Chapter 2 
Literature Review 
Injuries 
Foot and ankle injuries are the most common injury among ballet dancers, often 
resulting in limitation of range of motion in plantar flexion and dorsiflexion (Dickson, 
Hollman-Gage, Ojofeitimi, & Bronner, 2012). Nilsson et al. (2001) demonstrated that the 
rates of foot and ankle injuries in professional female ballet dancers were up to 62% of all 
injuries. Ankle sprain was one of the most common diagnoses, with the majority 
occurring in the right ankle (Nilsson et al., 2001). Stress fractures were also common 
overuse injuries and appeared frequently in the metatarsals of the foot (Albisetti et al., 
2010). Standing on the tips of the toes applies great stress at the metatarsal joint, 
potentially resulting in stress fractures in this region (Albisetti et al., 2010). Ballet 
dancers also practice repetitive movements that add stress and strains on muscle and 
ligaments at the foot and ankle (Nilsson et al., 2001). Lastly, a forced turnout among 
ballet dancers was associated with an increase in risk of injuries at the foot and ankle 
(Nilsson et al., 2001; Pearson & Whitaker, 2012). 
While ballet dancers keep their upper body erect and focus on the plantar flexion, 
modern dancers focus on different elements of movement such as deep lunges, falls, 
unique partner lifts and rolling on the ground (Ambegaonkar, Caswell, Winchester, 
Caswell, & Andre, 2012). Therefore, modern dancers have been shown to have a higher 
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incidence of upper body injury when they were compared to ballet dancers 
(Ambegaonkar et al., 2012). Rates of foot and ankle injuries among professional modern 
dancers had comprised about 40% of all injury (Shah et al., 2012). 
Kinetics 
 Kulig et al. (2011a) examined GRFs and knee mechanics during the take-off and 
landing phases of a saut de chat. Their dancers demonstrated the GRFs up to 4.4 times 
body weight during landing, which was approximately 26% greater than take-off GRFs 
(Kulig et al., 2011a). The dancers also demonstrated a greater knee angular displacement 
during landing, resulting in less knee angular stiffness during landing (Kulig et al., 
2011a). Repetitive landings with high GRFs were associated with musculoskeletal 
injuries, including premature osteoarthritis, medial tibial stress syndrome and stress 
fractures (Hackney et al., 2011; Toledo, Akuthota, Drake, Nadler, & Chou, 2004). 
Therefore, Kulig et al. (2011a) conclude that landing from a saut de chat could cause 
more injuries than take-off. 
Hackney et al. (2011) compared the GRFs between a typical dance floor and a 
hard floor (wood on concrete). Dance floor is a low stiffness floor and frequently called a 
“wooden sprung floor”. The GRFs were absorbed by the floor during landing, reducing 
stiffness of the leg on the dance floor (Hackney et al., 2011). When the dance floor is 
covered with Marley vinyl, the combination of a wooden floor and Marley floor absorb a 
greater amount of GRFs (Hackney et al., 2011). The researchers suggested that dancing 
on a dance floor could help to reduce injuries. Walter, Docherty and Schrader (2011) 
compared the assemblé jump in two conditions: flat shoes and pointe shoes. An assemblé 
jump is a jump in which a dancer brushes one foot outword into the air and brings the 
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other leg into the fifth position. Pointe shoes demonstrated smaller GRFs during landing 
when they were compared to flat shoes. The researchers suggested that pointe shoes’ 
materials, which were layers of cardboard and paper with padding in the shoes, helped to 
absorb some of the GRFs during landing. The researchers also found that advanced 
dancers were likely to land correctly using three phases, which reduced a greater amount 
of GRFs during landing (Walter et al., 2011). The researchers explained that in the first 
phase, the toes touched the ground, then the ball of the foot made contact in the second 
phase and, lastly, the heel touched the ground to complete the third phase (Walter et al., 
2011). 
Kinematics 
Numerous investigators had examined the kinematic parameters of the take-off, 
flight, landing and movements that had similarities with ballet leaps. Orishimo et al. 
(2014) compared drop-landing kinematics between male dancers, female dancers, male 
athletes and female athletes focusing on anterior cruciate ligament (ACL) injuries. 
Female dancers demonstrated proper landing mechanics including a lower hip adduction 
torque and a lower trunk side flexion than other groups. The researchers concluded that 
these kinematic differences, along with dancers’ erect posture and training from a young 
age helped to lower ACL injury rates among female dancers (Orishimo et al., 2014). 
Shan (2005) compared a ballet grand jeté leap and the Tae-Kwon-Do axe kick to 
prevent overuse syndrome among dancers. A grand jeté is a large leap in which a dancer 
stretches her legs into a split position in the air. The Tae-Kwon-Do axe kick showed a 
greater ROM of left hip flexion and extension, while the grand jeté showed greater 
flexion and extension for both knees (Shan, 2005). The researchers suggested that 
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frequency, duration and strength training that Tae-Kwon-Do artists go through could be 
influencing their low rate of injury (Shan, 2005). The researchers recommended dancers 
to emphasize more strength training and shorter exercises to reduce injury (Shan, 2005). 
Kulig, Loudon, Popovish, Pollard and Winder (2011b) analyzed lower extremity 
kinematics during take-off of a saut de chat with and without a history of achilles 
tendinopathy (AT). Dancers with AT demonstrated a greater peak hip adduction during 
breaking phases and greater internal rotation at the knee during push-off phase (Kulig et 
al., 2011b). It was concluded that evaluation of the movements in the frontal and 
transverse planes during leaps could be an important factor in preventing AT injury 
among dancers (Kulig et al., 2011b). 
Previous investigators used goniometers to measure ROM of the foot and ankle 
(Hamilton et al., 1992; Dickson et al., 2012). Ballet dancers were well known to have a 
significantly greater plantar flexion ROM, up to 113 degrees ROM, when they were 
compared to the normal planter flexion ROM, 48 degrees, and the modern dancers 
planter flexion ROM, 70 degrees (Dickson et al., 2012; Hamilton et al., 1992). Ballet 
dancers were also shown to have increased external hip rotation, hip abduction and hip 
flexion (Hamilton et al., 1992). These previous investigations have focused on ballet 
dancers; however, no one has compared the ROM between the ballet and the modern 
dancers during landing. 
Muscle Activation 
Massó et al. (2004) examined muscle activity during relevé in first and sixth 
position. A relevé is to left the heels off the ground and to stand on the toes. The medial 
gastrocnemius muscle demonstrated higher muscle activity when the relevé was done in 
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the first position than in the sixth position (Massó, et al., 2004). The abductor hallucis 
showed higher muscle activity in the sixth position than in the first position (Massó et al., 
2004). The researchers concluded that the low muscle activity in the abductor hallucis in 
first position could influence stability of the internal arch and lead to an increased risk of 
injury (Massó et al., 2004). 
Krasnow et al. (2012) examined the grand battement in three conditions: barre, 
center and traveling. A grand battement is a large kick of the leg. Forty dancers 
participated and they were placed in three groups: beginner, intermediate and advanced. 
All data were investigated in four events: stance, initiation, peak and end. Differences 
were seen in the combination of conditions and event, and these differences were also 
influenced by the level of the training of the dancer (Krasnow et al., 2012). The 
researchers recommended that spending sufficient time in each of the three conditions in 
a ballet class could help to develop appropriate motor skills (Krasnow et al., 2012). 
 Another study analyzed standing posture and the demi-plie comparing ballet and 
modern dancers (Trepman et al., 1994). A demi-plié is a bending of the legs. Participants 
were five ballet and seven modern professional female dancers. Ballet dancers 
demonstrated increased muscle activity in the tibialis anterior during standing and 
increased muscle activity in the vastus lateralis and medialis during demi-plie (Trepman 
et al., 1994). The researchers suggested that significantly different amounts of turnout 
and genu recurvatum between the two groups could influence muscle activity (Trepman 
et al., 1994). A genu recuvatum is a knee hyperextension which is common in ballet 
dancers. Numerous studies of muscle activity focused on ballet movements; however, 
studies on muscle activities on modern dance movements are still limited. 
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Chapter 3 
Materials and Methods 
Participants 
For this study, a total of sixteen female dance students enrolled in a university or 
college in the East Texas area were selected by convenient sampling. Fifteen participants 
were current students of Tyler Junior College, while the other participant was a student of 
Stephen F. Austin. The average age of participants was 19.4 ± 1.4 years, average height 
was 164.2 ± 8.6 cm and average weight was 62.7 ± 12.9 kg. Institutional Review Board 
approval was granted by the University of Texas at Tyler (see Appendix A). All 
participants signed informed consent forms before testing (see Appendix A), which 
expressed what would be required of them including the following: testing ballet and 
modern leaps while being filmed, wearing reflective anatomical markers on their legs and 
wearing portable electromyography modules. 
Instrumentation 
Kinetic data on the GRFs were recorded with a force plate (Kistler 9287, Figure 
1). The force plate was a flush-mounted aluminum honeycomb plate with a three-axis 
force transducer at each of its four corners. The plate was capable of measuring force in 
the vertical, anterior-posterior and medial-lateral directions. The center of pressure of an 
object resting on the plate was calculated utilizing the reading for the individual force 
transducers at the corners. GRFs were collected with a sample rate at 960 Hz.
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Figure 1. The top surface of the Kistler 9287 force plate 
 
 Kinematic data were captured using a two-dimensional motion analysis system 
(Peak Motus 8.5, Centennial, Co, USA). It consisted of one Canon optura 20 mini DV 
camera (60 Hz). The camera was set up approximately four meters away and 
perpendicular to the force plate, measuring in the sagittal plane. Reflective anatomical 
markers were used to facilitate digitizing after the measurements were completed. 
Markers were placed on the participant’s lateral trochanter, lateral femoral epicondyle, 
lateral malleolus and the fifth metatarsal. Peak Motus 2-D software was used for 
digitizing each leap after testing. 
 Data on muscle recruitment were collected through a wireless BioNamadix Dual 
channel Biopac EMG (model: BN-EMG2; Biopac Systems Inc., Goleta, CA), (Figure 2). 
A wireless EMG system was used for this experiment since this allowed the participants 
to freely move during executing the entire movement. EMG data were sampled at 960 
Hz. The Biopax system consisted of the wireless BioPac MP 150 amplifiers and wireless 
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BioNomadix modules (Figure 2). Biopac EL 504 cloth electrodes were used for 
electromyography readings. 
 
 
Figure 2. A Biopac system consists of the wireless EMG and wireless EMG modules 
worn by the participants 
General Protocol  
This study took place in the Biomechanics Laboratory at the University of Texas 
at Tyler. Before participating in the experiment, each participant read and signed 
informed consent paper. The participant engaged in a given warm-up for 15 minutes 
(Appendix B), which consisted of leg bending, foot exercises, small jumps and deep 
stretches. For ease of placement of electrodes and anatomical markers, participants tested 
in a black leotard, black biker shorts and with hair up in a ponytail or bun. 
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  After the warm-up was completed, researchers cleaned participant’s skin with 
isopropyl alcohol and placed EMG electrodes on participant’s right leg. A right leg was 
chosen for testing since right legs demonstrated a significantly higher incidence of foot 
and ankle injuries than left legs (Nilsson et al., 2001). For this study, four muscle groups, 
which were studied by previous investigators were selected (Massó et al., 2004; Trepman 
et al., 1994). For the gastrocemius, one electrode was placed on both medial and lateral 
gastrocemius, 2 cm apart (Figure 3-a), (Criswell & Cram, 2011). For the peroneus 
longus, two electrodes were placed on the junction of the upper and middle third of the 
distance between the fibular head and the peroneal malleolus (Figure3-b), (Massó et al., 
2004). For the tibialis anterior, two electrodes were placed parallel to the medial shaft of 
the tibia, at approximately one-quarter to one-third the distance between the knee and the 
ankle (Figure3-b), (Criswell & Cram, 2011). For the extensor digitorum brevis, two 
electrodes were placed parallel to the muscle fibers on the dorsal, lateral aspect of the 
foot, half the distance from the ankle to the fifth metatarsal (Figure3-c), (Criswell & 
Cram, 2011). 
The gastrocnemius was selected to give the researcher a better understanding of 
plantar flexion muscle activity during landing (Sieg & Adams, 2009). The peroneus 
longus was selected to give the researcher a better understanding of an eversion and 
pronation of a foot as well as plantar flexion of an ankle during landing (Sieg & Adams, 
2009). The tibalis anterior and the extensor digitorum brevis were selected to give the 
researcher a better understanding of dorsiflexion muscle activity during landing (Criswell 
& Cram, 2011; Sieg & Adams, 2009). 
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Figure 3. Placement of EMG electrodes at leg muscles. (a) the placement for the lateral 
and medial gastrocnemius; (b) the placement for the tibialis anterior (two electrodes on 
the right side) and the peroneus longus (two electrodes on the left side); and (c) the 
placement for the extensor digitorum brevis. 
 
After EMG electrodes were placed, maximal voluntary isometric contractions 
(MVICs) were recorded for each participant. For the gastrocnimeus and peroneous 
(a) 
(b) 
(c) 
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longus muscles, the participant raised the heel to the maximum point of plantar flexion 
(relevé) on the right leg and held the position for six seconds (Ball & Scurr, 2010). For 
the tibialis anterior and extensor digitirum brevis, the participant placed the foot under 
the bottom of the cabinet and pushed against the cabinet, dorsiflexed the ankle with 
maximal effort (Krasnow et al., 2011). While the participant was making a maximal 
contraction, the researcher gave the same verbal encouragement to all participants. Three 
MVICs were performed for each muscle over a six second period, with a three minute 
rest period between each contraction. This allowed for the data to be normalized as a 
percentage of the MVIC in order to compare EMG amplitude across subjects or groups. 
The voltage of muscle activation was mv. The signal was amplified 1000 times. Typical 
curves were shown here for MVICs (Figure 4). 
 
 
Figure 4. Typical curves of EMG for muscles at maximal voluntary isometric contraction 
 
 15 
 
After MVICs were recorded, reflective markers were placed on the right leg of 
participant’s lateral greater trochanter, lateral femoral epicondyle, lateral malleolus and 
the fifth metatarsal (Figure 6). 
In this study, there were two groups of dancers evaluated: ballet and modern 
group. Based on the years of training and the types of training, the two groups were 
defined by the researcher using a survey (Appendix C). Each participant completed three 
trials in each leap (Figure 5). Order of the leaps were randomized by the researcher. 
 
Figure 5. A schematic showing the experimental design for this study 
Leaps 
Ballet Leap: Saut de chat A ballet leap, saut de chat, began with a two-step 
approach. Then the participant thrust her right leg forward with a flexed knee, drawing 
the leg into height of the hip. As the participant pushed off the ground, the right leg 
extended with a forceful thrust into a split position (Figure 6). As the participant landed 
on her right leg, she took two steps forward, as if moving into further choreography 
(Figure 7). 
Ballet Group 
(n=8)
Ballet Leap Modern Leap: Type 1
Modern 
Leap: Type 2
Modern 
Group (n=8)
Ballet Leap Modern Leap: Type 1
Modern 
Leap: Type2
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Figure 6. A picture of a saut de chat leap. Reflective markers were placed on participant’s 
lateral greater trochanter, lateral femoral epicondyle, lateral malleolus and the fifth 
metatarsal. 
 
Figure 7. Landing with two-steps at the end of a saut de chat leap 
 17 
 
Modern Leap (Type 1): Calypso with chainéA modern leap, calypso with 
chainé, began with a single turn, a low chainé. Then the participant swung around her 
right leg with an extended leg (Figure 8). As the participant landed on her right leg, she 
performed another turn, a low chainé (Figure 9). 
 
 
Figure 8. A picture of a calypso leap 
 
Figure 9. A chainé turn at the end of a calypso leap 
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Modern Leap (Type 2): Calypso with rolling A modern leap, calypso with 
rolling, required the subject to perform a calypso leap (Figure 8), but during the landing, 
the participant leaned forward, lowered her upper torso with bent knees as if sitting on the 
ground (Figure 10). As the participant sat on the ground, the participant rolled on her hip 
to the direction that she was traveling. 
 
 
Figure 10. Rolling to the ground at the end of a calypso leap 
 
Survey 
After testing, all participants filled out the survey (see Appendix C) which 
questioned each participant’s background, such as the type of dance training, the years of 
training and the type of injuries. After filling out the survey, the researcher measured the 
participant’s height and weight using a scale (Detecto, model 339-e20707-0171). 
 19 
 
Kinetic Data Collection and Analysis 
 A trial was considered successful when foot contact occurred within the borders 
of the force plate (Fietzer, Chang, & Kulig, 2012). When the foot contacted outside of the 
force plate during landing phase, the participant was asked to leap again. Each participant 
had data for three successful trials. 
 After all leaps were recorded, the kinetic data were saved and analyzed using 
Peak Motus 8.5. Magnitudes of GRFs were normalized to multiples of body weights 
(BW) by dividing by participant weight (Fietzer et al., 2012). This was done in order to 
remove the differences on individual participants’ body weight. All GRFs were then 
expressed in times body weight (times BW) (Fietzer et al., 2012; Kulig et al., 2011a). 
Typical curves were shown here for GRFs of a leap (Figure 11). 
 
Figure 11. Typical curves of GRFs during landing 
 
Kinematic Data Collection and Analysis 
The movement was videotaped in the sagittal plane. A trial was considered 
successful when all reflective markers were visible and perpendicular to the camera. 
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Landings were defined from the initial contact with a force plate to the maximum amount 
of ankle dorsiflexion achieved during each trial (Pappas, Orishimo, Kremenic, 
Liederbach, & Hagins, 2012). Trials were repeated when the researcher judged trials as 
non-acceptable (e.g, when reflective markers were not visible and not perpendicular to 
the camera). 
After all leaps were recorded, the camera was shut down and all videos were 
immediately downloaded to the desktop computer in the lab. Every time the camera was 
turned on to collect data, a new calibration frame was taken to ensure accuracy when the 
video was digitized. The calibration object of a rectangular shape was measured 37 cm by 
30 cm and was placed in the center of the force plate. 
After testing, all videos were digitized using Peak Motus 2D software v. 8.5. Each 
leap was digitized from the beginning of the take-off phase to the end of the landing 
phase. Mean values of the three trials were calculated within each subject. Typical curves 
were shown here for dorsiflexion during landing (Figure 12). 
 
Figure 12. Typical curves of dorsiflexion during landing 
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EMG Data Collection and Analysis 
The EMG data were recorded by the researcher for each leap. After all leaps had 
been recorded, the EMG data were analyzed using Peak Motus 8.5. Prior to the beginning 
of the experiment, separate channels were set up for each muscle. The EMG data first 
were displayed as the raw EMG signal (Figure 13) and then were analyzed using the 
linear envelope signal (Figure 14). The linear envelope was a common form of EMG 
rectification in which the full-wave rectified signal was filtered with a low-pass filter 
(Winter, 2009). It was reported in millivolts. Fc is a cutoff frequency and T is the twitch 
time (Winter, 2009). The formula for this was shown here: 
݂ܿ ൌ 1/2ߨܶ 
 
Prior to the beginning of each leap, the EMG recording was started just before the take-
off and stopped after the landing. The data of the leap was saved immediately and, then, 
the software was prepared for recording the next leap. Typical raw EMG signal and linear 
envelope signal were shown here (Figure 13 and Figure 14). 
 
 
 
Figure 13. Typical curves of raw EMG signal of the extensor digitorum brevis (top) and 
tibialis anterior (bottom) 
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Figure 14. Typical curves of linear envelope EMG signals during the leap 
 
 Statistical Analysis 
 A repeated measures analysis of variance (ANOVA), also known as a within-
subjects analysis, was used to determine the effect of ballet and modern dance on the 
GRFs, the ankle kinematics and leg muscle activation during landing. By examining the 
two factors, Group and Type, in the within-subjects analysis, two research questions were 
answered. The first question was whether the GRFs, the ankle kinematics, or leg muscle 
activation, changed between the two groups: the ballet and the modern groups. The 
second research question was whether the GRFs, the ankle kinematics or leg muscle 
activation, changed among the three types of leaps: the ballet leap, the modern leap (type 
1) and the modern leap (type 2). Pared student t-test was used to compare demographic 
data between the two groups. ANOVA was conducted using SPSS software (IBM, 
Armonk, New York). The significance level was set with the p-value less than 0.05. 
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Chapter 4 
Results and Discussion 
Results Overview 
The present study demonstrated that the ballet group had a significantly higher 
training in pointe experience (years) and ballet practice hours (hours/week) compared to 
the modern group. About 62.5% of all participants suffered from injuries in the two years 
prior to testing, with 42.9% of the injuries being located in the ankle and foot region. 
There were significant differences among the three types of leaps in the GRFs and 
dorsiflexion. For the extensor digitorum brevis, significant differences were seen among 
the three types of leaps in the EMG signal. There were no significant differences between 
the ballet and the modern groups in the GRFs and dorsiflexion. There were no muscle 
activity differences between the ballet and modern groups in the gastrocnemius, tibialis 
anterior and extensor digitorum brevis during landing. For the peroneus longus, 
significant differences were seen between the two groups for the EMG signal. 
Demographics Results 
 Sixteen female dancers participated in the present study, having an average age of 
19.0 ± 0.9 years for the ballet group and 19.8 ± 1.7 years for the modern group. No 
significant differences for age, height, and weight were seen between the two groups 
(Table 1). No significant differences were seen for the total years of dance experience 
between the two groups, having an average of 11.1 ± 4.4 years for the ballet group and 
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12.3 ± 5.3 years for the modern group. No significant differences were seen for the years 
of ballet experience (an entry-level) between the two groups, having an average of 9.8 ± 
5.3 years for the ballet group and 5.6 ± 6.3 years for the modern group. A significant 
difference was seen between the two groups for the years of pointe experience which was 
an advanced level of ballet (values were included in the ballet experience), having an 
average of 5.0 ± 3.1 years for the ballet group and 0.5 ± 0.9 years for the modern group 
(p=0.001). Another significant difference was seen between the two groups for the total 
hours of ballet practice per week, having an average of 6.5 ± 2.9 hours per week for the 
ballet group and 2.6 ± 3.0 hours per week for the modern group (p=0.02). No significant 
differences were seen for the total hours of modern practice per week, having an average 
of 1.4 ± 1.5 hours per week for the ballet group and 2.5 ± 2.7 for the modern group. The 
mean and standard deviations of subject demographics results were shown here (Table 1). 
 
Table 1. Subject demographics results 
  Ballet group (n=8) Modern group (n=8) 
Age (years) 19.0 ± 0.9 19.8 ± 1.7 
Height (cm) 167.2 ± 10 161.2 ± 6.1 
Weight (kg) 62.9 ± 11.3 62.4 ± 15.2 
Total years of dance experience (years) 11.1 ± 4.4 12.3 ± 5.3 
Years of ballet (years) 9.8 ± 5.3 5.6 ± 6.3 
Years of pointé (years) 5.0 ± 3.1 * 0.5 ± 0.9 * 
Years of modern (years) 5.3 ± 2.9 5.4 ± 5.1 
Others (years) 5.3 ± 5.2 8.0 ± 6.1 
Total ballet practice (hours/week) 6.5 ± 2.9 * 2.6 ± 3.0 * 
Total modern practice (hours/week) 1.4 ± 1.5 2.5 ± 2.7 
*Ballet group versus modern group, p <0.05  
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Injuries Profile 
Ten of the sixteen participants (62.5%) suffered an injury (range: 1 to 4) in the 
two years prior to testing: the ballet group (75%) and the modern group (50%). The 
remaining six participants (37.5%) had no injuries. The majority of the injuries (42.9%) 
were located in the foot and ankle region. 
Six ankle sprains were reported. The ballet group had four ankle sprains and the 
modern group had two ankle sprains. Four foot stress fractures were reported. The ballet 
group had one foot stress fractures and the modern group had three foot stress fractures. 
The ballet group had two ankle tendonitis. Five hamstring strains were reported. The 
ballet group had three hamstring strains and the modern group had two hamstring strains. 
The ballet group had two knee tendonitis. The location of the injuries, which were shown 
in the percentage, were shown here (Table 2). 
 
Table 2. Location of injuries 
Ballet group (n=8) Modern group (n=8) 
Injuries (%) 75 50 
Location of injuries (%) 
Foot 5.3 33.4 
Ankle 31.6 22.2 
Lower leg 15.8 0 
Knee 21.1 0 
Thigh 10.5 22.2 
Lower back, gluteal region 15.7 0 
Upper extremity 0 22.2 
Total  100.0 100.0 
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Kinetics Results 
Ground reaction forces Significant differences were seen in the GRFs among 
the three types of leaps, F=23.99, p=0.01. No significant differences were seen in the 
GRFs between the two groups, F= 1.99, p=0.20. Additionally, no interaction was seen 
between the types and the groups, F=1.03, p=0.41. The mean and standard deviations 
were shown here (Table 3). The bar graphs of average peak GRFs were shown in times 
body weight (Figure 15). 
 
Table 3. Average peak GRFs during landing 
 
Ballet Group 
(n=8) 
Modern Group 
(n=8) 
 Mean ± SD Mean ± SD 
Saut de chat (times BW) 4.33 ± 1.22 3.61 ± 0.79 
Calypso with chainé (times BW) 3.33 ± 0.94 2.82 ± 0.69 
Calypso with rolling (times BW) 2.04 ± 0.62 2.03 ± 0.41 
 
Figure 15. Bar graphs of average peak GRFs 
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Kinematics Results 
Dorsiflexion Significant differences were seen in the dorsiflexion among the 
three types of leaps, F=8.47, p=0.02. No differences in the dorsiflexion were seen 
between the two groups, F= 1.28, p=0.3. Additionally, no interaction was seen between 
the types and the groups, F=0.29, p=0.75. The mean and standard deviations in degrees 
were shown (Table 4) and the bar graphs of average dorsiflexion were shown here in 
degrees (Figure 16). 
 
Table 4. Average ankle dorsiflexion 
 
 
Ballet Group 
(n=8) 
Modern Group 
(n=8) 
Mean ± SD Mean ± SD 
Saut de chat (°) 100.51 ± 6.18 102.07 ± 5.32 
Calyspo with chainé (°) 91.09 ± 6.94 97.42 ± 12.74 
Calypso with rolling (°) 101.53 ± 9.38 104.50 ± 10.36 
 
 
Figure 16. Bar graphs of average dorsiflexion 
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Electromyography Results 
Linear Envelope of Gastrocnemius No significant differences were seen in the 
gastrocnemius for the linear envelope values among the three types of leaps, F=0.03, 
p=0.969. No significant differences were seen between the two groups, F=1.77, p=0.23. 
Additionally, no interaction was seen between the types and the groups, F=1.14, p=0.35. 
The mean and standard deviations were shown here (Table 5) and the bar graphs of 
average linear envelope values were shown here (Figure 17). 
 
Table 5. Average linear envelope values for the gastrocnemius 
 
Ballet Group 
(n=8) 
Modern Group 
(n=8) 
 Mean ± SD Mean ± SD 
Saut de chat (%MVIC) 53.93 ± 14.25 62.96 ± 32.72 
Calyspo with chainé (%MVIC) 54.96 ± 16.91 65.62 ± 33.82 
Calypso with rolling (%MVIC) 74.05 ± 34.88 41.75 ± 14.97 
 
 
Figure 17. Bar graphs of linear envelope values for the gastrocnemius 
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Linear Envelope of Peroneus longus No significant differences were seen in the 
peroneus longus for the linear envelope values among the types of leaps, F=0.6, p=0.56. 
A significant difference was seen between the two groups, F=10.87, p=0.01. 
Additionally, no interaction was seen between the types and groups, F=0.96, p=0.41. The 
mean and standard deviations were shown here (Table 6) and the bar graphs of average 
linear envelope values were shown here (Figure 18). 
 
Table 6. Average linear envelope values for the peroneus longus 
 
Ballet Group 
(n=8) 
Modern Group 
(n=8) 
 Mean ± SD Mean ± SD 
Saut de chat (%MVIC) 78.47 ± 44.76 79.32 ± 34.99 
Calyspo with chainé (%MVIC) 87.99 ± 39.43 84.1 ± 34.23 
Calypso with rolling (%MVIC) 91.24 ± 45.76 85.82 ± 43 
 
 
Figure 18. Bar graphs of linear envelope values for the peroneus longus 
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Linear Envelope of Tibialis anterior No significant differences were seen in the 
tibialis anterior for the linear envelope values among the three types of leaps, F=1.98, 
p=0.18. No significant differences were seen between the two groups, F=0.1, p=0.76. 
Additionally, interaction was seen between the types and the groups, F=3.79, p=0.05. 
The mean and standard deviations were shown here (Table 7) and the bar graphs of 
average linear envelope values were shown here (Figure 19). 
 
Table 7. Average linear envelope values for the tibialis anterior 
 
Ballet Group 
(n=8) 
Modern Group 
(n=8) 
 Mean ± SD Mean ± SD 
Saut de chat (%MVIC) 92.52 ± 56.44 98.26 ± 91.44 
Calyspo with chainé  (%MVIC) 113.36 ± 69.25 113.67 ± 67.29 
Calypso with rolling (%MVIC) 136.05 ± 52.19 119.09 ± 40.27 
 
 
Figure 19. Bar graph of linear envelope values for the tibialis anterior 
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Linear Envelope of Extensor digitorum brevis Significant differences were 
seen in the extensor digitorum brevis for the linear envelope values among the three types 
of leaps, F=5.04, p=0.02. No significant differences were seen between the two groups, 
F=0.62, p=0.46. Additionally, no interaction was seen between the types and the groups, 
F=0.71, p=0.51. The mean and standard deviations were shown here (Table 8) and the 
bar graphs of average linear envelope values were shown here (Figure 20). 
 
Table 8. Average linear envelope values for the extensor digitorum brevis 
 
 
Ballet Group 
(n=8) 
Modern Group 
(n=8) 
Mean ± SD Mean ± SD 
Saut de chat (%MVIC) 84.33 ± 86.66 53.31 ± 25.17 
Calyspo with chainé (%MVIC) 81.69 ± 66.45 74.09 ± 38.69 
Calyspo with rolling (%MVIC) 99.1 ± 91.71 80.77 ± 38.52 
 
 
Figure 20. Bar graphs of linear envelope values for the extensor digitorum brevis 
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Injuries Discussion 
 The present study confirmed the previous findings of a high incidence of injuries 
among dancers (Byhring & Bo, 2002; Nilsson et al., 2001). In the present study, about 
62.5 % of all participants had at least one injury in the past two years. The majority of 
injuries were located in the foot and ankle for both groups: the ballet (36.9%) and the 
modern group (55.6%). Previous investigators had documented a high rate of the foot and 
ankle injuries among dancers (Nilsson et al., 2001; Shah et al., 2012). 
There were several explanations for a high incidence of injuries. First, a previous 
study found that the younger dancers (range 18 to 22) were more prone to suffer ankle 
sprains and foot stress fractures than the older dancers (Nilsson et al., 2001). In the 
present study, an average participants’ age was 19.4 years old. These dancers had an 
average of 11 years of dance training with no professional experience. The number of 
years of training improves dancers’ technique, strength and endurance; therefore, the 
older dancers experience fewer injuries than the younger dancers (Nilsson et al., 2001). 
Secondly, in the present study, participants were majoring in dance at their 
attending schools. They had a sudden increase in the training frequency, duration and 
intensity, resulting in the increased incidence of injuries. Albisetti et al., (2010) stated 
that changes in type of dance style, duration or frequency of training were important risk 
factors for injuries. 
Kinetics Discussion 
Significant differences were seen in the GRFs among the three types of leaps. In 
particular, both the ballet and the modern groups demonstrated the highest GRFs during 
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saut de chat landing. The highest GRFs during a saut de chat landing could be due to 
several reasons. 
First, any difference in GRFs during landing was primarily due to the total 
duration of the landing phase. More precisely, a dancer took two-steps at the end of a saut 
de chat leap, approximately 0.5 second. During a suat de chat landing, a dancer 
demonstrated a large “shock” force (Figure 21). 
 
Figure 21. GRFs of a saut de chat results. Showing a large shock force 
 
For a calypso with chainé landing, a dancer performed a chainé turn at the end of 
a calypso, approximately 1 second. For a calypso and rolling landing, a dancer landed 
with three phases (Figure 22): (1) foot contacted with the ground, (2) knee contacted with 
the ground and (3) hip contacted with the ground. This landing lasted approximately 1.5 
seconds. These results illustrated that a calypso and rolling could have reduced the GRFs 
because the duration of the landing took much longer than other landings. The GRFs of a 
calypso and rolling could have absorbed more by the lower extremity by rolling to the 
Shock force 
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ground. Similar results were reached by Chockley (2008) who demonstrated that the 
duration of each phase was in direct correlation to the amount of force and each section 
was responsible for absorbing forces to protect the integrity of the lower extremity. 
 
Figure 22. GRFs of a calypso with rolling indicated “three” phases: (1) foot contact (2) knee 
contact and (3) hip contact with the ground 
 
Another explanation was that dancers were more familiar with a saut de chat and 
it was less technical than a calypso. A saut de chat is incorporated in many dance styles 
and dancers practice them frequently. Dancers do not learn a calypso until they achieve a 
high level of proficiency in a saut de chat. Therefore, dancers could have had a better 
body coordination executing a saut de chat than a calypso. Executing a calypso could 
have significantly decreased their potential jump height due to the poor body 
coordination. Chockley (2008) demonstrated that height of the jump was correlated with 
Three phases 
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the GRFs. The present study did not consider the height of the jump, which the researcher 
considered as a limitation of the study. 
Kinematics Discussion 
  A previous investigation of range of motion (ROM) in ballet dancers used 
standard goniometers to report that ballet dancers have increased plantar flexion ROM 
due to excessive use of plantar flexion from pointe practice (Hamilton et al., 1992). Their 
participants were elite professional ballet dancers with an average of 22 years of dance 
training, an average of 18 years of pointe training and an average of 13 years of 
professional experience. By contrast, the present study found no significant differences in 
the dorsiflexion ROM between the ballet and the modern groups. This was likely because 
of the participant’s age and training level. The participants in the present study were 
college age dancers and had no professional experience, with an average of 11 years of 
dance training. These non-professional dancers were less likely to have developed the 
ankle dorsiflexion limitation due to less exposure to choreographic demands of dance 
than professional dancers (Dickson et al., 2012). If these dancers would continue 
practicing ballet technique, they would develop changes in ROM. 
Another finding was that both groups landed with the greatest degrees of 
dorsiflexion from a calypso and rolling. Dickson et al. (2012) stated that a modern 
technique includes diverse movements such as squats and deep lunges, promoting an 
increased dorsiflexion. A calypso with rolling was dynamic and unique movements that 
require good coordinations in both lower and upper body. While a dancer kept her upper 
body erect at the end of a saut de chat (Figure 7), a dancer leaned forward with a deeper 
hip flexion during rolling to the ground (Figure 10). By rolling to the ground, the dancers 
 
 
36 
 
demonstrated greater dorsiflexion and greater hip flexion. Therefore, landing technique 
such as rolling to the ground could benefit the dancers with greater ROMs in 
dorsiflexion, decreasing stress at the foot and ankle. 
Electromyography Discussion 
 The muscle activity between ballet and modern dancers has previously been 
studied based upon their training. It is generally known that ballet dancers use more 
turnout compared to modern dancers (Trepman et al., 1994). Improper turnout could 
cause a pronation of the foot, as a consequence of forced rotation of the entire leg (Massó 
et al., 2004). The data of Massó et al. (2004) demonstrated that greater muscle activity in 
the peroneus longus occurred with a greater pronation of the foot. The function of the 
peroneus longus is eversion of foot and planter flexion of ankle. These results could be 
confirmed in the present study. In fact, the ballet group had a significantly higher muscle 
activity in the peroneus longus during landing compared to the modern group. In this 
regard, it should be stated that the ballet dancers might have landed with a greater 
pronation of the foot. This could be due to an increased amount of training in turnout 
position. 
 Another finding of the present study was that a calypso with rolling was a more 
stable landing than other landing techniques. The highest muscle activity was seen during 
a calypso with rolling for dorsiflexion muscle groups including the tibialis anterior and 
the extensor digitorum brevis. This could be due to the greater dorsiflexion during a 
calypso with rolling. Similar results were shown by Massó et al. (2004) who 
demonstrated that greater plantar flexion were achieved with greater muscle activity. A 
rolling to the ground may help dancers by increasing stability. 
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Limitations and Future Studies 
 There were several limitations for this study. First, the present study was 
conducted in a laboratory, which was different from a dance studio. Most dance studios 
have a low stiffness dance floor (frequently called a “wooden sprung floor”). The wooden 
sprung floor is often covered with Marley vinyl. Both wooden sprung floor and Marley 
floor help to absorb the GRFs (Hackney et al., 2011). Both the force plate and the floor in 
the laboratory were hard surface when compared to a dance floor. However, the choice of 
a floor type was beyond the scope of this study. 
Second, the present study tested only the performance of leaps. It is rare for a 
single dance movement to be performed without any choreography (Fietzer et al., 2012). 
A non-laboratory setting would introduce confounding variables such as fatigue and the 
demands of continuation of choreography (Fietzer et al., 2012). However, this study was 
comparable with other laboratory setting studies (Chockley, 2008; Kulig et al., 2011a; 
Walter et al., 2011). In addition, focusing on a single dance leap had increased the power 
of this study by controlling movement patterns of the leap. 
There were also differences in the type of dance training and the years of training 
for each participant. Some participants were trained much longer than the other 
participants (range 5 years to 20 years). Each participant’s ability to perform the leaps 
was different. Krasnow et al. (2012) demonstrated that the advanced dancers have higher 
muscle activation compared to beginner and intermediate dancers. 
The number of the participants was also relatively small. The use of more 
participants who were highly skilled with similar years of experiences and type of dance 
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training would limit the differences in their ability to perform the leaps and may increase 
the statistical power of this study. 
This study did not define differences between acute and chronic injuries. The 
future studies, which will define acute and chronic injuries comparing ballet and modern 
dancers, will help to understand the injuries pattern of the groups. 
The present study focused on angular kinematics; therefore, the measurement of 
leap height was not included in the study. However, the height of the jump was 
associated with GRFs (Chockley, 2008). Analyzing the height of jump as well as the 
GRFs and angular kinematics would have given the researcher a better understanding of 
relationship among these variables. 
The maximal voluntary isometric contractions (MVICs) were collected in the 
present study for normalization in order to compare EMG signals between subjects. The 
MVIC was the recommended method as normalization values for EMG signals and 
numerous investigators demonstrated the reliability of MVIC as normalization methods 
(Krasnow et al., 2011). However, leaps tested in the present study were dynamic 
movements. Therefore, dynamic maximal voluntary contraction (MVC) could have been 
used as a normalization method. 
The motion analysis in this study was only in the sagittal plane using two-
dimensional motion analysis. Additional analysis in the transverse and frontal planes 
would have given the researchers a better understanding of the movement and would 
have increased the accuracy of calculating kinematic parameters. In fact, a previous 
research concluded that evaluation of the movements in the transverse and frontal planes 
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during leaps may be an important factor in preventing achillies tendinopathy injury 
among dancers (Kulig et al, 2011b). 
Finally, the motion analysis was a marker-based video-motion analysis system 
which included the motion of the bone relative to skin artifacts (Slaughter, Butler, 
Capozzella, & Hutcheson, 2012). In addition, EMG signals were obtained and recorded 
from a wide area muscle and were also likely susceptible to motion artifacts (Slaughter et 
al., 2012). 
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Chapter 5 
Conclusions 
 The objective of the present study was to compare the GRFs, dorsiflexion and 
muscle activation differences: (1) between the ballet and the modern groups and (2) 
among the three types of leaps. The main finding of the present study was that the ballet 
leap demonstrated greater risk factors associated with foot and ankle injuries when it was 
compared to the modern leaps. In particular, the ballet leap demonstrated the greatest 
GRFs, the smallest dorsiflexion and the smallest muscle activation during landing 
compared to the modern leaps. 
  The results of the present study, concluding a ballet leap may be more injurious, 
imply that overemphasizing on the ballet style may increase the risk of injuries. Based on 
the findings of the study, I conclude that it may be advantageous to incorporate modern 
techniques in ballet class. By incorporating movements such as a chainé turn or rolling to 
the ground, dancers may benefit from the decreased GRFs, the increased dorsiflexion and 
the increased muscle activation by avoiding additional stress on the foot and ankle.  
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Appendix A. IRB Application, Informed Consent and IRB Approval 
Institutional Review Board Application 
THE UNIVERSITY OF TEXAS AT TYLER 
INSTITUTIONAL REVIEW BOARD 
 
EXPEDITED RESEARCH APPLICATION 
 
IRB:  Sp2014-88	
 
Approved by:  G Duke	
 
Date:		March	31,	2014	   
 
 
To qualify for expedited review research must present no more than minimal risk 
to human subjects and cannot explore sensitive topics.  In addition the research 
must fit the categories of expedited research, per OHRP regulations. 
 
Attach (electronically) with this application: 
 Written consent form using the UT Tyler Consent Template unless a waiver 
of written informed consent is requested 
 Signature page of Thesis or Dissertation Committee members showing 
proposal approval 
 Brief research proposal that outlines background and significance, research 
design, research questions/hypotheses, data collection instruments and 
related information, data collection procedures, data analysis procedures. 
Most of this can be copied and pasted to relevant parts of the 
application but please keep B & S brief for the application. 
 Human Subject Education Certification for PI, co-investigators, and research 
assistants participating in recruitment, data collection, data analysis, or, if 
they have any exposure to identifiable data  (if training has not been 
completed at UT Tyler within a 3 year period of time) 
 Tool/instrument/survey; if copyright or other issues prohibit electronic form, 
submit one hard copy
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COMPLETE ALL ITEMS TO AVOID DELAY IN IRB APPROVAL 
DATE:  
3/24/201
4 
Principal Investigator  
 
Jones Yayoi  S      
(Last)       (First)                                            (MI)  
PI Title and Credentials ☐Assistant Professor           ☐Associate 
Professor             
☐Professor                           ☒ Student            
☐Other  
 
Faculty Sponsor Name and 
Email if PI is Student 
 
 
 
  Dr. Neil Dong/ ndong@uttyler.edu 
PI Phone 
 
PI Email 
 
  (903)235-9471 
 
  yshimada@patriots.uttyler.edu 
Co-Investigator(s) None 
Co-Investigator(s) Email and 
Telephone 
 None  
None   
 
Secondary Contact Person in 
Absence of PI  
Dr. Neil Dong 
   
 
Secondary Contact Person’s 
Telephone and Email 
Phone: (903)565-5615   Email:   
ndong@uttyler.edu 
 
Title of Proposed Research  
 
  Comparison of ballet and modern dance in 
terms of kinematics, kinetics, and muscle 
activation during landing and their implications 
to stress fractures 
 
Source of Funding 
☐NIH         ☐Local      ☐ Industry    ☐ Other 
Federal (Specify)  
 
☒Other (Specify)   Health &Kinesiology Dept., 
UT Tyler   
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1. Designate the category that qualifies this proposal for expedited review 
(see UT Tyler Expedited Categories at the end of this application) and justify 
this designation by responding to the statements below each category 
  
Category # 	4 		 
 
Information Required for Justification (See specific information under each 
category) 
			This	study	will	involve	data	collection	through	non‐invasive	
procedures, 	including	wireless	electromyography,	motion	capture	
equipment	and	measurement	of	ground	reaction	forces	through 	a	
force	plate.	The	subjects	will	participate	in	moderate	exercise	that	is	
appropriate	for	their	height, 	weight, 	age	and	physical	activity	level.	
 
 
2. For proposals involving Personal Health Information (PHI) data: If this is a 
retrospective chart review (Category 5) (health records research), or, data 
involves review of PHI, refer to the IRB's HIPAA policies and procedures in 
the IRB Handbook  and complete any appropriate forms. All can be located 
on the UT Tyler IRB site:  http://www.uttyler.edu/research/compliance/irb/ 
 
2a. Does this protocol include the use of PHI?  ☐ Yes    ☐ No 
 
NOTE: If the protocol includes the use of PHI, refer to the IRB Handbook on 
HIPAA policies and relevant forms that must be completed before IRB 
approval can be obtained. 
 
3.   Purpose Of Study: 		Determine	if	the	landing	technique	of	modern	
dance	can	be	used	as	a	technique	modification	for	ballet	dance	and	help	to	
reduce	landing	related	injuries	such	as	stress	fractures. 					
 
4.   Research Questions: 		The	hypothesis	of	this	study	is	that 	modern	
dance	could	be	used	as	a	technique	modification	for	ballet	dancers	and	
reduce	leap	related	injuries	such	as	stress	fractures.	In	order	to	test	our	
central	hypothesis	and	accomplish	the	objective	of	this	application,	we	plan	
to	pursue	three	specific	aims:	(i)	determine	the	ground 	reaction	force	
(GRF)	of	ballet	and	modern	dancers	during	the	landing	phase;	(ii)	identify	
the	dorsiflexion	range	of	motion	for	ballet	and	modern	dancers	and	(iii)	
determine	the	pattern	of	muscle	activation 	for	ballet	and	modern	dancers	
during	the	landing. 		Based 	on	the	findings 	of	preliminary	studies,	it	is	
hypothesized	that	(i)	peak	GRF	exhibited	by	ballet	dancers	will	exceed	that	
exhibited	by	modern	dancers, 	(ii)	modern	dancers	will	have	a	greater	
dorsiflexion	range	of	motion,	and	(iii)	muscle	activation	exhibited	by	ballet	
dancers	will	exceed	those	muscle	activation	exhibited 	by	modern	dancers	
during	landing.					
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5.   Brief Background and Significance of Study: 		One	of	the	most	
important	aspects	of	dance	is	the	vertical	leap.		A 	previous	study	has	found 	
that	the	ballet	leap	results	in	a	peak	vertical	ground	reaction 	force	(GRF)	
up	to	3.5	to	4.4 	times	of	body	weight	during	landing	phase.	These	ballet	
leaps	also	have	shown	to	be	higher	GRF	compared	to	other	sports	vertical	
jumps.		Increased	GRF	have	been	associated	with	metatarsal	stress	
fractures.	Ballet	dancers	have	a	far	greater	strength 	and	range	of	motion	
in	plantar	flexors	of	ankle	than	dorsiflexion	due	to	en	pointe	position‐	
standing	on	the	tips	of	their	toes.	Dancing	en	pointe	have	shown	to	increase	
foot	pressure	and	also	require	greater	muscle	activities	among	plantar	
flexion	muscle	groups. 		While	ballet	dancers	have	significantly	higher	foot	
and	ankle	injury	rates	(62%)	compared	to	modern	dancers	(40%), 	few	
studies	have	compared	kinematics,	kinetics	and	muscle	activation	between	
ballet	and	modern	dance	to	understand	underlying	mechanisms	for	higher	
injury	rates	in	ballet	dancers.		This	study	will	determine	the	ground 	
reaction 	force, 	dorsiflexion	range	of	motion	and	muscle	activation	during	
landing	phase	for	both	ballet	leap	and	modern	leap.		If	our	hypothesis	is	
correct,	this	study	could	become	a	significant	contributor	to	reduce	injuries	
with	proper	technique	modification	incorporating	modern	techniques	
among	ballet	dancers. 				 
   
6.   Population To Be Studied:    
a. Ages:  	18-25				   
b. Gender: 	Female				  
	 Explain below if either gender is to be excluded. 
 Only	female	subjects	are	involved 	in	this	study	because	
potential	gender	differences	in	the	movement	pattern	of	the	lower	
extremity	during	dancing. 		 
c. Are all racial and ethnic groups included? ☒ Yes   ☐ No	
 Explain below if a racial or ethnic group is to be excluded. 
			 	 Click	here	to	enter	text.	
 d.  Number of Anticipated Subjects:  		34 		
 e. Inclusion Criteria for Sample Eligibility: 	Two	groups	
(ballet	and	modern	dancers)	of	female	subjects	age	18‐25 	will	be	
recruited	for	this	study. 	Both 	the	ballet	group	(N=17)	and	the	
 Appendix A (Continued)  
 
50 
 
modern	group	(N=17)	must	dance	at	college	level	such	as	Tyler	
Junior	College,	Kilgore	College,	and	Stephen	F.	Austin 	dance	program. 		
All	participants	must	engage	in	three	or	more	hours	of	dance	activity 	
per	week. 		Participants	will	also	answer	the	survey	that	the	PI	has	
created 	for	this	study,	and	it	will	define	what	type	of	dance	training	
and	how 	many	years	of	training	they	have	had.		Then	researchers	
will	be	able	to	put	participants	into	ballet	and	modern	dance	groups. 				
	
Protocol	Sample	Exclusion	Criteria:	1.	If	a	woman	is	pregnant. 	2. 	If	a	
woman	had 	her	last	period	more	than	14	days	prior	to	this	testing,	
but	may	be	reschedule	after	the	next	menstrual	cycle.		
  
Note:  Any study involving prisoners requires a full board review, and may not 
be approved under expedited review. 
 
7. Explain the locations or settings for sample recruitment and data 
collection:  
			 	 Convenience	sampling				
 
8. Explain from whom permission has or will be obtained from the 
settings in which sample recruitment and/or data collection will take 
place:  
	 	 						An	IRB	will	be	submitted	to	the	University	of	Texas	at	Tyler	
IRB	Review 	Board	for	permission	to	pursue	this	study.	Emails	will	be	
sent	to	individual	dancers	in	the	East	Texas	region	who	are	known	
personally	by	the	researcher. 					
 
 
 
9. Explain in detail who will be recruiting participants and the sample 
will be recruited:  
 
 Methods	of	sampling	recruitment	include	emails	and	invitations	
sent	to	collegiate	dancers.		Members	in	the	PI	group	(Yayoi	Jones	&	
Dr. 	Neil	Dong)	are	responsible	for	recruitment. 
 
10. Copy and paste text below from any flyers, ads, letters etc. that are 
used for recruitment of participants. In addition, attach any recruitment 
materials if there are graphics or other figures used other than text.   
											
  Recruitment	email			
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Dear	dancer:		
My	name	is	Yayoi	Jones	and	I	am	a	graduate	student 	in	the	
Kinesiology	Department	at	the	University	of	Texas	at	Tyler.		I	am	
currently	working	on	my	master’s	thesis	in	dance,	titled 	“Comparison	
of	ballet	and	modern	dance	in	terms	of	kinematics,	kinetics,	and	
muscle	activation 	during	landing,	and	their	implications	to	stress	
fractures”.			I	am	in	need	of	ballet	and	modern	focused 	dancers	to	
volunteer	and	come	to	the	University	of	Texas	at	Tyler	in	April	and	
May	at	their	convenience.		I	will	ask	dancers	to	perform 	both 	a	ballet	
leap	and	a	modern	leap	in	the	Biomechanics	Lab,	where	we	have	
equipment	to	measure	ground	reaction	force, 	ankle	joint	angles, 	and	
muscle	activation 	during	leap	landing. 		Please	contact	Yayoi	Jones	at	
(903)235‐9471, 	yshimada@patriots.uttyler.edu.			
	
 
Informed Consent 
 
.    Prospective research ordinarily requires written informed consent.  If 
any special classes are eligible to participate, discuss how the 
consent process will differ.  Inclusion of children (under 18 years) 
requires permission of at least one parent AND the assent of the child 
(refer to UT Tyler's Policy on Informed Consent of Children).  
 
  If written consent is to be used, terminology must be about the 8th 
grade level, or as appropriate for the accurate understanding of the 
participant or guardian.   
 
  If there are questions about the literacy or cognitive level of potential 
participants, there must be evidence that the participant is able to 
verbalize basic information about the research, their role, time 
commitment, risks, and the voluntary nature of participating and/or 
ceasing participation with no adverse consequences. 
 
  Please use the template posted under the IRB forms as a guide, and 
attach as a separate document with the application submission.   
 
 
11.  This section only for those requesting a waiver or alteration of 
written informed consent: 
 
  Justify the waiver or alteration in accordance with the following four criteria 
established under 45CFR46.116(d)(1-4).   
 
All four criteria must be met in order to have signed written informed 
consents. In other words, you must answer “yes” to all four of 
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the criteria below in order to NOT have written and signed 
informed consents.  
 
If you are requesting a waiver of written and signed informed 
consent, Indicate “yes” if the statement is true about your 
proposed research: 
 
1. The research involves no more than minimal risk to the subjects  ☐ 
Yes   ☐ No 
 
2. The waiver or alteration will not adversely affect the rights and welfare 
of the subjects  
☐ Yes  ☐ No 
 
3. The research could not practicably be carried out without the waiver or 
alteration,   
☐ Yes   ☐ No   AND  
 
4.  Whenever appropriate, the subjects will be provided with additional 
pertinent information after participation  ☐ Yes   ☐ No. 
 
 
12.  When prospective informed consent is waived, explain how you will 
obtain permission to use participant’s data.  If no permission is 
planned, please explain your rationale. 
 
 Click	here	to	enter	text. 
 
 
13. Detailed Data Collection Procedures ATTENTION: Be very specific 
for this item. 
 
 
Specify who, what, when, where, how, duration type of information for 
your procedures.  
Write this section as if you were giving instructions to another person not 
familiar with your study.  
 
Who: 	Data	collection	will	be	done	by	the	PI	Group	(Yayoi	Jones	&	Dr. 	
Neil	Dong). 													
What:	Group	of	ballet	and	modern	dancers	will	perform 	ballet	and	
modern	leaps	on	barefoot.														
When: 	4/1/2014 	till	10/30/2014 													
Where: 	UT	Tyler	Biomechanics	Laboratory														
How:	Informed 	consent	will	be	gathered	from 	all	participants	prior	
to	any	physical	activity.		Participants	will	arrive	at	the	specified 	date	
 Appendix A (Continued)  
 
53 
 
and	time	for	sample	statistics	such	as	weight, 	height,	age, 	and	
survey.		Participants	will	wear	black	leotard	and	black	biker	shorts	
with	their	hair	up	in	a	ponytail	or	bun. 		In	the	laboratory	the	
participants	will	engage	in	15 	minutes	ballet	or	modern	warm‐up. 	  
For	ballet	warm‐up,	participants	will	perform: 	plié	exercise, 	
battement	tendu	and	degage	exercise,	ronds	de	jambe	and	stretches.		
For	modern	warm‐up,	participants	will	perform: 	plié	and	roll	down	
exercise, 	battement	tendu	and	foot	exercise, 	leg	swings	and	stretches. 		
To	monitor	muscle	activation 	during	leap	landing, 	a	wireless	surface	
Electromyography 	(EMG)	electrodes	will	be	applied 	to	4	muscle	
groups: 	gastrocnemius,	tibialis	anterior, 	peroneous	longus,	and	
extensor	digitorum	brevis.		Reflective	markers	will	be	also	placed	on	
the	right	leg	of	participant’s	lateral	femoral	epicondyle,	lateral	
malleolus,	and	the	fifth 	metatarsal.		Once	EMG	electrodes	and	
markers	are	applied	to	subject's	right	leg,	maximum	voluntary	
isometric	contractions	(MVICs)	will	be	measured	for	each	person.		
After	measuring	MVICs,	video	cameras	(Canon)	will	be	set	up	4 	
meters	away	and	perpendicular	to	the	force	plate	on	which	the	
participants	were	to	land 	their	leap.		All	trials	will	be	filmed 	in	the	
sagittal	plane	with 	motion	capture	equipment. 	The	camera	will	be	
used	to	record 	the	leaps	for	kinematic 	analysis.		The	force	plate	will	
be	used	to	measure	ground 	reaction	force	for	each	jump	landing.	The	
participants	will	perform 	both 	ballet	and	modern	style	leaps, 	at	least	
3 	trials	each. 	All	participants	will	perform 	leaps	barefoot. 								
Duration:	Approximately	one	hour	to	one	hour	and	half			
	
 
14. Data Analysis Procedures: 
 
				 Two	way	ANOVA 	with	repeated	measures	will	be	used 	to	compare:	(i)	
subjects	(ballet	vs.	modern	dancers)	and	(ii)	leaps	(ballet	leap	vs.	
modern	leap).		Statistical	analyses	will	be	performed	using	SPSS	
(version	20)	statistical	software.		Significance	levels	are	set	at	p<	
0.05.	
 
 
15.    Risks and benefits of this research to the subjects and/or society 
 
 Risks: 		Participants 	may	have	some	soreness	after	either	trail	set, 	
but	it	should 	not	be	extreme	soreness. 		Participants	will	be	closely	
monitored	during	testing. 		At	first	sign	of	discomfort, 	testing	will	be	
discontinued.					
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 Benefits: 		Understanding	of	dance	techniques 	in	terms	of	kinematics, 	
kinetics,	and	muscle	activation	during	landing	will	improve	their	
techniques	and	prevent	them	from	injuries. 					
 
 
 
16. Confidentiality of Data: Specify how confidentiality will be secured and 
maintained for research data and/or specimens. 
 
												Please	refer	to	the	"Informed 	Consent",	section:	"Confidentiality	and	
Privacy	Protections".	Password	protected	computer.	The	video	taken	
during	the	study	will	be	stored 	in	Dr.	Dong's	office	after	the	
investigation	is	completed.	Only	the	PI	group	will	have	access	to	the	
data.	
  
 
17.   Identifiability of data or specimens:  Will the specimens or data be 
identifiable?   
 
 (NOTE: Any time code numbers are used, or signed consent forms are 
used, there is ALWAYS potential identifiability of data). 
 
 ☒ Yes     ☐ No    If yes, complete item 17a  
 
12a. State the type of identification, direct or indirect, on any 
specimens or data when they are made available to your 
study team:  	Indirect	identification:	While	filming,	the	
subject's	face	will	be	identifiable. 	If	a	photograph	is	
used	in	a	figure	by	the	investigators, 	then	the	face	of	the	
subject	will	be	blacked	out	to	preserve	their	anonymity. 			
   
Direct Identifiers include subject name, address, social security, etc. 
 
Indirect Identifiers include any number that could be used by the 
investigator or the source providing the data/specimens to identify a 
subject, e.g., pathology tracking number, medical record number, 
sequential or random code number) 
 
 
18. Access to Data:  Specify faculty and staff (members of the study team) 
permitted to have access to the study data. 
 
												The	PI	Group	(Yayoi	Jones	& 	Dr.	Neil	Dong)		 	
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19. Have all individuals who have access to data been educated about 
human subject ethics and confidentiality measures? (NOTE: This is 
responsibility of PI) 
 
 X Yes    ☐  No     
 
20. Protection of Data:  State how data will be protected, e.g., located filing 
cabinet in investigator's office, on password protected computer, 
location(s) of computer, etc. 
 
21. If data is on a laptop, acknowledge that the laptop will never be in an 
insecure location where theft is possible (e.g., in a locked car) 
															 Password 	protected	computer	inside	the	Biomechanics	
Laboratory,	which	is	locked 	when	unoccupied. 	The	video	taken	
during	the	study	will	be	stored 	in	Dr.	Dong's	office	after	the	
investigation	is	completed.		Data	will	be	stored	in	a	locked	cabinet	at	
all	time,	except	when	being	used.	
 
  
SIGNATURE OF PRINCIPAL INVESTIGATOR: Signature indicates agreement 
by the PI to abide by UT Tyler IRB policies and procedures in the UT Tyler 
Handbook and the Federal Wide Assurance, to the obligations as stated in the 
“Responsibilities of the Principal Investigator” and to use universal precautions 
with potential exposure to specimens.  
         
Yayoi Jones      3/3/14  
  
Principal Investigator Signature     Date 
Please print name or affix electronic signature. 
Electronic submission of this 
form by PI indicates signature 
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Informed Consent 
 
THE UNIVERSITY OF TEXAS AT TYLER 
Informed Consent to Participate in Research 
 
Institutional Review Board # Sp2014-88 
Approval Date: March 31, 2014 
1. Project Title:  Comparison of ballet and modern dance in terms of 
kinematics, kinetics, and muscle activation during landing and their 
implications to stress fractures 
2. Principal Investigator: Yayoi Jones   
 
3. Participant’s Name:   
 
To the Participant:   
 
You are being asked to take part in this study at The University of Texas at Tyler 
(UT Tyler). This permission form explains: 
 Why this research study is being done.  
 What you will be doing if you take part in the study.  
 Any risks and benefits you can expect if you take part in this study. 
 
After talking with the person who asks you to take part in the study, you should 
be able to: 
 Understand what the study is about.  
 Choose to take part in this study because you understand what will 
happen 
4. Description of Project 
The purpose of this study is to compare ballet and modern leap during landing. 
Specifically, a device called an electromyography(EMG) module will be fitted to 
the your right lower leg muscle groups. This device will provide me, the 
researcher with information such as how much your muscle works during the 
landing.  A video camera will be used to measure ankle flexion during landing, 
through the placement of anatomical markers on the knee, ankle, and fifth 
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metatarsal.  This information will provide the researcher to analyze the ankle 
flexion differences between ballet and modern leaps.  A large electronic scale will 
be used to measure ground reaction force for each vertical jump landing. This 
information will help understanding the increased rate of ballet injuries and make 
technique modifications for ballet dancers.  You will be asked to perform 3 sets of 
ballet leaps and 3 sets of modern leaps on barefoot.   
  
5. Research Procedures   
 
If you agree to be in this study, we will ask you to do the following things: 
 You will wear black leotard, black biker shorts, no tights and with their hair 
up in a ponytail or bun.  It will allow for ease of placement of electrodes 
and anatomical markers without disrobing in any way. 
 You will conduct 15 minutes warm-up.  For ballet warm-up, you will 
perform: plié exercise, battement tendu and degage exercise, rond de 
jambe and stretches.  For modern warm-up, you will perform: plié and roll 
down exercise, battement tendu and foot exercise, leg swings and 
stretches.   
 The researcher will clean your skin with alcohol and will place EMG 
electrodes on your right lower leg.  You will contract your right lower leg 
muscles to your maximal extent.  
 Anatomical markers will be placed on your right leg of knee, ankle and toe. 
 You will perform ballet and modern leaps at least 3 times.   
 You will be asked to be videotaped during all trials from your right side.  All 
video will be confidential, and you will not be identifiable in any pictures 
used in presentations.  
 
6. Side Effects/Risks   
 
You may have some soreness after either trail set, but it should not be extreme 
soreness.  You will be closely monitored during testing.  At first sign of 
discomfort, testing will be discontinued.  
 
7. Potential Benefits  
 
A better knowledge of the processes that occur during landing will help to reduce 
landing related injuries such as stress fractures.  Ballet dancers will not only 
understand how to reduce injuries but gain knowledge how to modify their 
landing techniques.  
 
Understanding of Participants 
 
8. I have been given a chance to ask any questions about this research 
study. The researcher has answered my questions.  
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9.  If I sign this consent form I know it means that: 
 
 I am taking part in this study because I want to. I chose to take part in this 
study after having been told about the study and how it will affect me. 
 
 I know that I am free to not be in this study.  If I choose to not take part in 
the study, then nothing will happen to me as a result of my choice. 
 
 I know that I have been told that if I choose to be in the study, then I can 
stop at any time. I know that if I do stop being a part of the study, then 
nothing will happen to me. 
 
 I will be told about any new information that may affect my wanting to 
continue to be part of this study. 
 
 The study may be changed or stopped at any time by the researcher or by 
The University of Texas at Tyler. 
 
 The researcher will get my written permission for any changes that may 
affect me. 
 
10. I have been promised that that my name will not be in any reports about 
this study unless I give my permission.  
 
11. I also understand that any information collected during this study may be 
shared as long as no identifying information such as my name, address, or 
other contact information is provided). This information can include health 
information. Information may be shared with: 
 
 Organization giving money to be able to conduct this study 
 Other researchers interested in putting together your information with 
information from other studies 
 Information shared through presentations or publications 
 
12. I understand The UT Tyler Institutional Review Board (the group that 
makes sure that research is done correctly and that procedures are in 
place to protect the safety of research participants) may look at the 
research documents. These documents may have information that 
identifies me on them. This is a part of their monitoring procedure. I also 
understand that my personal information will not be shared with anyone.  
 
13. I have been told about any possible risks that can happen with my taking 
part in this research project.   
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14. I also understand that I will not be given money for any patents or 
discoveries that may result from my taking part in this research. 
 
15. If I have any questions concerning my participation in this project, I will 
contact the principal researcher:  Yayoi Jones at (903)235-9471 or email 
yshimada@patriots.uttyler.edu 
 
16. If I have any questions concerning my rights as a research subject, I will 
contact Dr. Gloria Duke, Chair of the IRB, at (903) 566-7023, 
gduke@uttyler.edu, 
or the University’s Office of Sponsored Research:  
 
The University of Texas at Tyler 
c/o Office of Sponsored Research 
3900 University Blvd 
Tyler, TX  75799 
 
 
I understand that I may contact Dr. Duke with questions about research-
related injuries. 
 
17.  CONSENT/PERMISSION FOR PARTICIPATION IN THIS RESEARCH 
STUDY 
 
I have read and understood what has been explained to me. I give my 
permission to take part in this study as it is explained to me. I give the 
study researcher permission to register me in this study. I have received a 
signed copy of this consent form. 
 
_____________________________   _ ___  _ __________     _________ 
Signature of Participant  Date 
 
 ____________________________   _______ __________      
______________ 
  Signature of Person Responsible (e.g., legal guardian) Relationship 
to Participant 
 
_____________________________________  
Witness to Signature  
 
18. I have discussed this project with the participant, using language that is 
understandable and appropriate. I believe that I have fully informed this 
participant of the nature of this study and its possible benefits and risks. I 
believe the participant understood this explanation. 
 
 
  _________________________________ _______________ 
  Researcher/Principal Investigator    Date 
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IRB Approval  
Office of Research and Technology Transfer 
Institutional Review Board 
 
 
March	31,	2014	
	
Dear	Ms.	Jones,	
	
Your	request	to	conduct	the	study:		Comparison	Of	Ballet	And	Modern	Dance	In	
Terms	Of	Kinematics,	Kinetics,	And	Muscle	Activation	During	Landing	And	Their	
Implications	To	Stress	Fractures,	IRB	#Sp2014‐88	has	been	approved	by	The	
University	of	Texas	at	Tyler	Institutional	Review	Board	under	expedited	review.	
This	approval	includes	the	written	informed	consent	that	is	attached	to	this	letter,	
and	your	assurance	of	participant	knowledge	of	the	following	prior	to	study	
participation:	this	is	a	research	study;	participation	is	completely	voluntary	with	no	
obligations	to	continue	participating,	with	no	adverse	consequences	for	non‐
participation;	and	assurance	of	confidentiality	of	their	data.			
	
In	addition,	please	ensure	that	any	research	assistants	are	knowledgeable	about	
research	ethics	and	confidentiality,	and	any	co‐investigators	have	completed	human	
protection	training	within	the	past	three	years,	and	have	forwarded	their	
certificates	to	the	IRB	office	(G.	Duke).		
Please	review	the	UT	Tyler	IRB	Principal	Investigator	Responsibilities,	and	
acknowledge	your	understanding	of	these	responsibilities	and	the	following	
through	return	of	this	email	to	the	IRB	Chair	within	one	week	after	receipt	of	
this	approval	letter:		
	
 This	approval	is	for	one	year,	as	of	the	date	of	the	approval	letter	
 Request	for	Continuing	Review	must	be	completed	for	projects	extending	
past	one	year	
 Prompt	reporting	to	the	UT	Tyler	IRB	of	any	proposed	changes	to	this	
research	activity	
 Prompt	reporting	to	the	UT	Tyler	IRB	and	academic	department	
administration	will	be	done	of	any	unanticipated	problems	involving	
risks	to	subjects	or	others	
 Suspension	or	termination	of	approval	may	be	done	if	there	is	evidence	of	
any	serious	or	continuing	noncompliance	with	Federal	Regulations	or	any	
aberrations	in	original	proposal.	
 Any	change	in	proposal	procedures	must	be	promptly	reported	to	the	IRB	
prior	to	implementing	any	changes	except	when	necessary	to	eliminate	
apparent	immediate	hazards	to	the	subject.		
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Best	of	luck	in	your	research,	and	do	not	hesitate	to	contact	me	if	you	need	any	
further	assistance.	
	
Sincerely,	
	
	Gloria	Duke,	PhD,	RN	
Chair,	UT	Tyler	IRB
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Appendix B. Warm-up 
Ballet warm-up 
1. Plié  
a. 2 demi-plié, 1 grand plié and port de bras in 1st, 2nd, 4th and 5th position 
b. Repeat left side  
2. Tendu and dégagé  
a. 2 tendu and 3 dégagé from 5th position  
b. Repeat left side 
3. Rond de jambe  
a. 4 rond de jambe and reverse  
b. Repeat left side 
4. Stretches 
Modern warm-up 
1. Plié and roll-down    
a. 2 roll-down and 4 demi-plie in parallel, turnout 1st and 2nd position    
2. Tendu and dégagé  
a. 2 tendu and 3 dégagé in turnout 1st position and 5th position  
b. Repeat left side 
3. Leg swings 
a. 8 leg swings, front-to-back and side-to-side 
b. Repeat left side 
4. Stretches  
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Appendix C. Survey 
DANCE BACKGROUND 
1. How many years have you been dancing? 
2. What style of dance have you been trained in, and how many years? 
a. Ballet: 
b. Pointe: 
c. Modern: 
d. Contemporary: 
e. Jazz: 
f. Others: 
3. Have you taken any break from dancing since you started? If so, how long?  
Why? 
4. How many dance injuries have you had, what were they? 
5. What dance classes do you take currently?  What level are you in (e.g. beginner, 
intermediate, advanced)?  
a. Ballet: 
b. Pointe: 
c. Modern: 
d. Others: 
6. How many classes do you take per week?  How long are those classes? 
a. Ballet:  
b. Pointe:  
c. Modern: 
d. Others:  
7. How do you describe the intensity of these classes (from question 5 and 6): easy, 
moderate or difficult? 
a. Ballet: 
b. Pointe:  
c. Modern: 
d. Others: 
8. How many hours do you practice/ rehearse outside of these classes (from question 
5, 6, and 7)?     
9. What is your primary focus: ballet or modern? 
10. What technique(s) are you trained in? (e.g. Cecchetti, Graham, Limón, etc.) 
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11. What is your primary goal after college /university? (e.g. teaching, performing, 
etc. ) 
12. College/University Attending: 
13. Level of School (e.g. freshman, sophomore):   
14. Age: 
15. Height: 
16. Weight:
 
 
 
 
